Tests are being carried out at the TA-2 wind tunnel to obtain the velocity and pressure distributions at the test section. The airflow conditions must be known to fulfil the required accuracy of tests. A rake composed of Pitot tubes was used to measure local static and total pressures of the flow. The test section region considered here is related to the transverse central area. The estimated parameters are velocity and pressure coefficient. Uncertainties associated with these parameters are evaluated according to metrological standardisation. Calibration curves are supplied using the least squares fitting. Results revealed a gradient in airflow parameters.
employed. The uncertainties associated with the estimated parameters were evaluated by using the law of propagation of uncertainty. Least squares fitting is used to supply calibration curves.
The knowledge of the distribution of the airflow field parameters helps to plan the test of aerodynamic models at the wind tunnel regarding accuracy, precision and uncertainty requirements. Information supplied by this campaign can be used to circuit improvements and represent a basis for the development of methodology for wall interference corrections.
Methodology
The test campaign analyses the distributions of the flow velocity and the flow pressure, measured at 25 positions of the TA-2 test section (figure 1a). The x axis represents the wind direction and is positive downstream of the flow. The y axis is the horizontal position and the positive direction is from left to right, when the observer is facing the airflow. The height from the floor is the z axis. The origin of the coordinate system (x, y, z) = (0, 0, 0) is located at the center of the test section floor.
The velocity regimes considered in the tests are 30, 43, 60, 75, 86, 98 and 108 m/s, which corresponds to free stream dynamic pressures approximately equal to 50, 100, 200, 300, 400, 500 and 600 mmH 2 O. The measured parameters are static temperature, T, and static, p, total, p 0 , and dynamic, q, pressures.
The 
In equation, p 0local is the total pressure and p local is the static pressure measured at the rake tubes. The airflow density is calculated by:
where: p ∞ is the free stream static pressure measured at the entrance of the test section; R is the gas constant equal to 287 J/(kg)(K); and T is the temperature expressed in kelvin.
The pressure coefficient is defined by:
where p is the local static pressure and p ∞ and q ∞ are the free stream static and dynamic pressures, respectively. For the present study, the numerator of equation (4) is measured by a differential sensor and the expression used to calculate C p is:
Uncertainty Evaluation
The uncertainties associated with the pressure coefficient, u Cp , and velocity, u V , are evaluated by using the law of propagation of uncertainty [5] . For the case of independent variables, the combined standard uncertainty is the positive square root of:
where y is the output quantity, the measurand [6] , and x i are the input quantities.
Applying equation (6) to equations (2), (3) and (5) 
The curve fitting
The least squares method was applied to the local pressure coefficients, C p , and local velocities, V, to supply calibration curves that represent the airflow behavior [7] .
First order polynomials were fitted to the estimated parameters, i. e., the calibration curves are of the kind:
The law of propagation of uncertainty was also applied to equation (10) in order to obtain the uncertainty associated with the fitted curve. As the polynomial parameters a 0 and a 1 are correlated, the uncertainty of the output quantity y is written as [5] :
where the uncertainty of the input quantity x, u x , was considered negligible and u(a 0 , a 1 ) is the covariance between a 0 and a 1 .
The quality of the fit was evaluated by the chi-square quantity [8] :
A chi-square value approximately equal to the number of degrees of freedom indicates a good quality of curve fitting. The number of degrees of freedom is equal to the difference between the number of data points, N, and the number of parameters of the fitted curve to be estimated, m.
The reduced chi-square is expressed by: 
Results and discussion
The airflow uniformity at the transverse area of the central region of the TA-2 test section is presented in this paper. Velocity distributions obtained with the rake located at P11 to P15 are seen in figures 2a to 2e. The velocity regime is related to the dynamic pressure q = 300 mmH 2 
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The results are grouped together and a graphic where the velocity is shown as color intensity is included to facilitate the visualization of the airflow uniformity at the transverse area of the central region of the TA-2 test section (figure 2f). One observes that the velocity is greater in the negative part of the horizontal axis nearer the floor. The difference between the maximum and the minimum velocity values, considering the uncertainty limits, is approximately 1 m/s. This velocity variation was considered acceptable regarding airflow uniformity requirements.
The calibration curve equations for velocity, Vxz, and pressure coefficient, C p xz, at position P13 are shown in Table 1 , for all airflow regimes. The fitted function was the first degree polynomial because the flow is expected to be uniform (equation (10)). Ideally, the airflow would be free from gradients and the a 1 coefficient value would be equal to zero in the calibration curve. It was observed that at the position P13 considered as (x, y) = (0, 0) in figure 1a , the velocity decreases as we approach the test section ceiling. At P13, this behavior occurs for all airflow regimes.
The pressure coefficient, C p , is negative, indicating that the local static pressure, p, is lower than the free stream static pressure, p ∞ , downstream of the test section entrance (equation (4)). The positive value of the a 1 parameter in the C p xz calibration curves means that the local static pressure approximates the value of the free stream static pressure as the height z increases.
Data reduction showed that the quality of the fitting quantified by equation (12) is not satisfied for all test configurations, when using standard deviations of the temporal signals obtained during the runs. Table 2 shows an example. The reduced chi-square values, 2 ν χ , were obtained by fitting the experimental velocity data measured at positions P11, P12, P13, P14 and P15. The velocity regime is related to q = 300 mmH 2 O (nominal V = 75 m/s). One observes that at P13 and P14, the uncertainty assigned to data points are underestimated, resulting in a reduced chi-square around 10, indicating that further investigation of the error sources must be carried out to describe the experimental errors. The standard deviation of the fitting expressed by equation (14) gives an idea of the value that should be assigned to experimental data, provided that the fitted model is corrected [7] . Table 3 presents the uncertainties associated with the measured velocities, u V , and the standard deviation of the fitting S, for q = 300 mmH 2 O. At position P11, the uncertainties u V are equal to 0.13 for all heights z and the standard deviation S is equal to 0.15; they are of the same order, and the quality of the fit is 
Conclusions
The uniformity of the airflow at the central region of the test section of the subsonic wind tunnel TA-2 was analysed. A series of 15 Pitot tubes arranged in a rake were used to measure the local static pressure and the local total pressure. Calibration curves which represent the pressure and velocity characteristics of the airflow were supplied. The curves were obtained by fitting a first degree polynomial to the experimental data. Only the results for the central area are shown in this paper and the curves are related to the vertical axis.
The chi-square quantity obtained in the curve fitting was good for most of the tests, but further investigation of the error sources must be carried out to describe the experimental errors of some test configurations, as presented in tables 2 and 3.
Although gradients in velocity and pressure distributions were observed for all airflow regimes covered by the tests, the variations in velocity and pressure values were considered acceptable.
